I use data from the World Input-Output Database and show that trade in information technologies (IT) has a significant contribution to the growth in foreign intermediate goods in 2001-2014 period. China has become one of the major foreign suppliers of IT and has strongly contributed to the rise in trade in IT. The growth in IT imports from China is associated with lower IT prices in sample European countries. The fall in IT prices has increased the demand for high wage occupations and reduced the demand for low wage occupations. From 20 to 95 percent of the variation in the demand for occupations stemming from the fall in IT prices can be attributed to the trade with China.. JEL Codes: F16, J23, J24, O33, L63.
Introduction
Information technologies (IT) are everywhere nowadays and affect the functioning of economies and markets (Röller and Waverman, 2001 , Czernich, Falck, Kretschmer, and Woessmann, 2011 , Jerbashian and Kochanova, 2017 . A growing number of recent papers show that information technologies affect labor demand (e.g., Autor, Levy, and Murnane, 2003 , Jerbashian, 2019 . Information technologies substitute for routine tasks, which tend to be readily automatable and are usually performed by middle wage occupations, such as stationary-plant operators. They complement nonroutine cognitive tasks, which are usually performed by high wage occupations, such as managers.
A few papers also try to disentangle the effects of technological progress in IT and trade on labor demand (e.g., Hanson, 2013, 2015) .
In this paper, I use the World Input-Output Database (Timmer, Dietzenbacher, Los, Stehrer, and de Vries, 2015) and establish stylized facts regarding the production origin and use of IT. To discipline the analysis, I focus on China, the EU, the US, and aggregate regions Asia-Pacific and the rest of the world. I show that IT exhibits small home-bias and foreign IT inputs are very common as compared to other manufacturing goods.
Trade in information technologies has significantly contributed to the growth in foreign During the sample years, a major reason for the growth of IT imports from China has been the reallocation of production of IT from developed Western and Asian countries to China. Firms from these countries have reallocated their production plants, built new plants in China, and offshored production to Chinese firms to cut costs. Part of these cost reductions can be expected to be reflected in lower prices of IT, which would increase the demand for IT. An important question then is whether the production of IT in China has affected labor demand in countries importing IT from China. I augment the data and methodology of Jerbashian (2019) in order to attempt delivering an answer to this question. Jerbashian (2019) uses data from European countries and shows that the fall in prices of information technologies is associated with a lower share of employment in middle wage occupations and a higher share of employment in high wage occupations. Jerbashian (2019) also shows that the decline in IT prices has no robust effect on the share of employment in the low wage occupations.
In the current paper, I provide evidence that a significant part of the fall in IT prices can be attributed to the rise of IT production in China, and this is over and above innovations in IT, which significantly improved it. Moreover, I show that from 20 to 95 percent of the variation in the demand for occupations stemming from the fall in IT prices can be attributed to trade with China. The fall in IT prices accounts for about 50 percent of changes in the shares of employment in high and medium wage occupations.
This implies that from 10 to nearly 50 percent of the variation in the shares of employment in these occupation groups in sample European countries can be attributed to trade in IT with China.
The composition of world trade and Chinese exports have been analyzed in detail by a great number of papers (e.g., Rodrik, 2006, Amiti and Freund, 2010) . These papers usually use product-level data and show that Chinese exports have gradually become more sophisticated. Agricultural goods and textile were a major part of Chinese exports in the early 90s, but they lost their dominant position in the early 2000s. They were replaced by electronics, telecommunication equipment, and office machinery. These papers also provide suggestive evidence that the rise of production of electronics, telecommunication equipment, and office machinery in China has put a pressure on prices of these goods in importing countries. Bai and Stumpner (2019) use barcode-level price data from the US and offer comprehensive evidence that Chinese imports reduce US prices and thus they can lead to consumer gains according to the new trade models (Arkolakis, Costinot, and Rodríguez-Clare, 2012 ). 1
The current paper contributes to these studies in several ways. It uses industry-level data from the World Input-Output Database. In this database information technologies, This paper also contributes to a large and growing debate about the determinants of labor demand. Many earlier studies, which have shaped this debate, assess how imports from low-cost and low-skill abundant countries affect labor demand in developed countries, especially the demand for low-skill workers. These studies have attempted to exploit the direct competition effect of imports from developing countries on industries in developed countries, which produce these goods (e.g., Revenga, 1992, Berman, Bound, and Griliches, 1994) . Amiti and Davis (2011) utilize in addition the variation in the costs of intermediate goods stemming from changes in import tariffs and show that this variation affects the demand for skills. A more recent group of studies focuses on the demand for the types of skills and tasks, as represented by occupations and occupation 1 Many analysts argue that trade disputes between the US and China in 2018 and 2019 can affect prices and consumer welfare in the US based on such analyses. The analysts also argue that these trade disputes will most likely affect trade in and the location of production of high-tech goods such as IT. For example, the US has effectively banned purchases from and sales to Huawei, a leading Chinese IT manufacturer.
groups. These studies explore how the automation of production and the emerging possibilities to offshore and trade affect the demand for occupations (e.g., Grossman and Rossi-Hansberg, 2008 , 2015 , Goos, Manning, and Salomons, 2014 , Jerbashian, 2019 . They use the task content of occupations to rank occupations according to the expected effect of automation and offshoring on their demand. Automation is usually measured by the adoption of IT, and these studies focus on import competition when studying the effects of trade. For example, show that rising Chinese import competition accounts for about 28 percent of the aggregate decline in US manufacturing employment between 2000 and 2007. Similarly to the latter studies, this paper focuses on the demand for occupation groups and differentiates them according to the likely effects of IT on them. It contributes to this literature by showing that trade in inputs, more specifically information technologies, affects the demand for occupations by lowering the price of these inputs. This uncovers a novel mechanism of how trade can affect labor demand.
In particular, this paper shows that trade in information technologies with China is associated with lower IT prices and a lower demand for medium wage occupations and a higher demand for high wage occupations. The latter result contributes to a growing debate about distributional effects of trade (e.g., Broda and Romalis, 2008 , Kanbur, 2015 , Antràs, de Gortari, and Itskhoki, 2017 The share of imports of non-IT manufacturing products from China has also increased, though at a more modest rate. It has increased from 0.7% in 2001 to 3.3% in 2014. A major reason for the growth of IT production in China has been the reallocation of production of IT from developed Western and Asian countries to China. Firms from these countries have reallocated their production plants, built new plants in China, and offshored production to Chinese firms to cut costs. Chinese firms have also experienced reductions in production costs because of scale effects and automation of IT production.
Part of these cost reductions can be expected to be reflected in lower prices of IT, which would increase the demand for IT.
The Effects of Trade in IT
A growing number of recent papers offer evidence that the use of IT affects labor demand (e.g., Autor et al., 2003 , Jerbashian, 2019 . IT affects labor demand because it substitutes for routine tasks, which are usually performed by middle wage occupations. It complements nonroutine cognitive tasks, which are usually performed by high wage occupations. An important question then is whether the production of IT in China has affected labor demand in countries importing IT from China.
I augment the data and the methodology of Jerbashian (2019) in an attempt of delivering an answer to this question. Jerbashian (2019) uses data from European countries and shows that the fall in prices of information technologies is associated with a lower share of employment in middle wage occupations and a higher share of employment in high wage occupations. Jerbashian (2019) also shows that the decline in IT prices has no robust effect on the share of employment in the low wage occupations. I attempt to
show that a significant part of the fall in IT prices can be attributed to the rise of IT imports from China. Moreover, I provide evidence that the fall in IT prices attributable to the rise of IT imports from China has non-negligible effect on the demand for high and medium wage occupations.
Jerbashian (2019) uses a difference-in-differences framework in the spirit of Rajan and Zingales (1998) to identify the effect of the rapid fall in IT prices on employment shares in high, middle and low wage occupations. Let Employment Share c,i,t be the share of employment in one of the occupation groups, country c, industry i, and year t. In turn, let IT Price be the measure for the price of information technologies, and IT Dependence be the measure of industries' technological dependence on IT. Jerbashian (2019) estimates the following specification for each occupation group:
where ζ and ξ are country-industry and country-year fixed effects, and η is an error term.
The parameter of interest is β. It is identified from the temporal variation of IT prices, the variation of technological dependence on IT across industries, and within country, time, and industry variation of the interaction term.
An advantage of this test is that it alleviates the endogeneity concerns because of omitted country-and industry-level variables. For example, country-industry and country-
year fixed effects alleviate the potentially confounding effects of regulatory and discriminatory practices, which affect the demand and supply of these tasks. These fixed effects also alleviate the potentially confounding effects of trends in relative wage rates. Admittedly, however, this test can also have drawbacks since it might not fully reveal the effects of the fall in the price of information technologies on employment shares if there are economy-wide changes that are not different across industries.
I attempt to identify the effect of trade in IT with China on the variation in 1/IT Price and estimate the following specification for the supply of IT inputs:
where Share of IT in Total Intermediates is the share of inputs from IT Manufacturing industries out of total inputs in country c and year t. Share of IT from China is the share of inputs from IT Manufacturing industries in China out of total inputs from IT Manufacturing industries, X and θ are sets of control variables and country fixed effects, and υ S is an error term. The main parameter of interest is γ 2 . It is identified from within country temporal variation of the share of IT inputs originating from China.
The identification of the effect of trade with China on IT price might not be straightforward because of omitted variables and endogeneity issues. To alleviate these issues, I control in the specification (2) for the share of inputs from IT Manufacturing industries in Asia-Pacific, RoW, and the US to differentiate the effect of trade with China, a low cost country, from trade with other countries and regions. I control for the share of inputs from domestic IT Manufacturing industries to differentiate trade and domestic production. I also control for trends, which is a very common procedure for controlling for technological progress (e.g., Goos et al., 2014) . This allows me to differentiate the effect of trade with China on IT prices from technological progress in IT.
The share of inputs from IT Manufacturing industries out of total inputs is endogenous in the specification (2) (2):
and
where υ D c,t and υ C c,t are error terms.
I need trends in IT prices to vary across sample countries in order to identify the effect of the fall in IT prices on employment shares in the specification (1). I attempt to show that a significant part of these trends can be attributed to the gradual rise in trade in IT with China using specifications (2) These occupations and industries are also excluded from the analysis in this paper. 5 Table A in the Data Appendix offers the assignment of occupations into high, medium and low wage groups. Figure B nological differences across industries (e.g., see Barone and Cingano, 2011 , Jerbashian and Kochanova, 2016 , Jerbashian, 2019 . The motivation for using data from US industries is that US is arguably the closest to the laissez faire and US industries are the world leaders in terms of investments in IT and the level of IT capital. Therefore, the confounding variation in the share of IT capital compensation in industrial value added because of government intervention and differences in factor input levels is likely to be the smallest in US industries. The measure of IT Price is defined as the price of information (2019), β is then expected to be positive for high wage occupations and negative for medium wage occupations as IT Price declines and its inverse increases. It can be expected to be nil for low wage occupations since information technologies are not likely to directly affect employment in these occupations (Autor et al., 2003, Autor and . In turn, γ 2 can be expected to be positive since it is likely that IT prices decline and their inverse increases with the share of IT inputs from China. 7
Estimation and Results
I start from estimating the specification (2) in Canada, Japan, South Korea, and the US and the shares of imports from these countries (2) and (3) in columns 1, 2, 4, 5, 7, 8, and 9 carry higher credibility than the results in columns 3 and 6. In turn, the coefficients on the share of IT imports from Asia-Pacific, the US and RoW (Share of IT from APUSROW) is hardly significant anywhere. All in all, these results 
(3) 
0.972
Note: This table offers the results from the estimation of the specification (2). The dependent variable is 1/IT Price. Columns 2, 5, and 8 include time trend, which is common for all sample countries. Columns 3, 6, and 9 include country-specific time trends. The Share of IT from China is instrumented using the interactions among the shares of inputs from Chinese IT Manufacturing industries in Canada, Japan, South Korea, and the US and the shares of imports from these countries in sample European countries in columns 4-6. Columns 7-9 jointly instrument the Share of IT in Intermediates and the Share of IT from China using the interactions among the shares of inputs from Chinese IT Manufacturing industries in Canada, Japan, South Korea, and the US and the shares of imports from these countries in sample European countries, the logarithm of Total Revenue, and the Share of EME in Total Intermediates. See Table A in the Data Appendix for complete definitions and sources of variables. Regressions in columns 1-3 use the least-squares method and 2-stage generalized method of moments in columns 4-9. All regressions include country fixed effects. Robust standard errors are in parentheses. R2 is the R-squared of the model where country fixed effects have been partialled out.
** indicates significance at the 1% level, * at the 5% level, and at the 10% level.
suggest that IT prices have declined with the rising share of IT imports from China.
Next, I estimate the effect of the fall in IT prices on employment shares in high, middle and low wage occupations using specification (1). Table 5 presents the results.
The estimates of the coefficient β are significant and positive for the share of high wage occupations and negative for the share of medium wage occupations. These estimates imply that the fall in the price of information technologies is associated with higher demand for high wage occupations and lower demand for medium wage occupations in industries which depend more on these technologies as compared to industries which depend less. Conversely, the estimate of the coefficient β is not significant for the share of employment in low wage occupations. This suggests that, on average, information technologies are not likely to have direct effects on the share of employment in low wage occupations. Table 3 and Table 4 to present a range for the effect of the rise in IT trade with China on employment shares. Panel B of Table 5 presents Panel C of Table 6 offers these averages. Finally, I compute for each occupation group the difference between these averages in 2007 and 2001, and the difference between these differences in industries with high IT dependence and industries with low IT dependence. China has become one of the major suppliers of IT and has strongly contributed to the rise of trade in IT. The share of IT imported from China out of total IT inputs has grown in the EU and the US, as well as in countries in Asia-Pacific and the rest of the world, at the expense of domestic IT production and imports of IT from other destinations. This share has increased from 2.3% to 14.4% in these countries and regions between 2001 and 2014. In comparison, the share of non-IT manufacturing inputs imported from China out of total non-IT manufacturing inputs is much more modest in these countries and regions and has grown less in the same period. It has increased from about 0.7% to 3.3%. Jerbashian (2019) shows that the fall in IT prices is associated with a higher demand for high wage occupations and a lower demand for medium wage occupations. The fall in IT prices accounts for about 50 percent of changes in the employment shares of these 
Data Appendix

A Technical Appendix
In this section, I present a minimalist deterministic model based on the model by Jerbashian (2019) . This model rationalizes the specification (1) and shows how trade with China can reduce IT prices.
In an industry, the producers use abstract and routine task inputs, T A and T R , and information technologies, IT , to produce homogeneous goods, Y . They have a CES production technology, which is given by
where α IT > 0, α T R > 0, α ∈ (0, 1), and ε > 1. In this production function, a higher α IT implies higher share of compensation for IT and, in that sense, α IT measures the technological dependence on IT . Meanwhile, ε is the elasticity of substitution between routine tasks and information technologies, and the elasticity of substitution between abstract tasks and information technologies is equal to 1, by construction. Since ε > 1, information technologies are more complementary to abstract tasks than to routine tasks.
The usual profit maximization implies the following conditions
where p IT , p T R , and p T A are the prices of information technologies and task inputs, and the price of Y is normalized to 1.
I assume that information technologies input can be represented as IT = λĨT , where λ represents the quality/productivity of information technologies and it grows over time because of technological progress. In turn,ĨT is the supply of information technologies of a given quality/productivity. In a country, the supply of these technologies includes goods produced domestically, in China, and in Asia-Pacific, the US and RoW. For simplicity, I assume thatĨT is a CES aggregate of the following form: . It is given by
According to this equation, the price of information technology declines because of tech- I endogenize the supply of tasks and assume that workers are endowed with labor hours, which need to be converted into abstract and routine tasks in order to earn market income. I assume that the conversion function of task k = T A , T R is given by
where α L,k > 0, u k is the share of labor hours L converted to task k, and γ ∈ (0, 1). 8 I normalize the value of α L,T A to 1.
This setup implies that the supply of abstract tasks relative to the supply of routine tasks is given by
and the share of employment in abstract tasks is given by
The fall in p IT increases the demand for IT and the use of IT grows in production.
This increases the share of employment in abstract tasks u T A and it has a stronger effect in industries which have a higher α IT :
The differential changes in T A and T R in industries which depend more on IT than in industries which depend less on IT should be observed in the data as differential changes in the employment in high and medium wage occupations which perform these tasks. I look exactly for such disparities and differential changes in the empirical specification (1).
I need trends in p IT to vary across sample countries in order to identify the effect of the fall in IT prices on employment shares in the specification (1). Sample countries are from the EU, which implies that they are in a single market and have common trade policy. This industry also produces products which are not directly related to IT, such as mechanical optical measurement devices. The inclusion of these products is likely to introduce a measurement error in the specification (2), which attenuates the parameters of interest.
One way to test the robustness of this assumption is to use data for intermediate An seemingly appealing alternative method for measuring IT prices uses the prices of value added of Manufacture of Computer, Electronic and Optical Products industry in sample European countries. This is problematic because these are producer prices and can be influenced by varying levels of substitutability with competing foreign products and subsidies to IT production in sample European countries. I prefer using the prices of IT capital inputs in the EU KLEMS database because these are end-user prices and better reflect availability of IT to the end-user and opportunities to substitute it for labor.
An Interpretation and a Non-Parametric Test for β
The difference-in-differences estimator in the specification (1) To illustrate the existence of such differential trends, I demean the shares of employment in occupation groups regressing these shares on country-industry and country-year dummies and taking the residuals from these regressions. Figure D summarizes It is possible to use year fixed effects instead of trends common to sample countries in columns 2 and 4 of Table 3 and in columns 2, 5, and 8 in Table 4 . These fixed effects can control for any time varying shocks which are common to sample countries. I re-estimate the specifications corresponding to these columns and obtain virtually the same results.
It is also possible to estimate specifications (2)-(4), which include time trends, in first differences. I use the first differences estimator and obtain results which are very similar to the results reported in the main text.
There might be concerns with omitted variables in the specification (2) Note: This table offers the results from the estimation of (2). The dependent variable is 1/IT Price. Columns 2 and 5 include time trend, which is common for all sample countries. Columns 3 and 6 include country-specific time trends. The Share of IT from China is instrumented using the interactions among the shares of inputs from Chinese IT Manufacturing industries in Canada, Japan, South Korea, and the US and the shares of imports from these countries in sample European countries in columns 3-6. See Table A in the Data Appendix for complete definitions and sources of variables. Regressions in columns 1-3 use the least-squares method and 2-stage generalized method of moments in columns 4-6. Robust standard errors are in parentheses. ** indicates significance at the 1% level, * at the 5% level, and at the 10% level. Note: This table offers the results from the estimation of (2). The dependent variable is 1/IT Price. Columns 2 and 5 include time trend, which is common for all sample countries. Columns 3 and 6 include country-specific time trends. The Share of IT from China is instrumented using the interactions among the shares of inputs from Chinese IT Manufacturing industries in Canada, Japan, South Korea, and the US and the shares of imports from these countries in sample European countries in columns 4-6. See Table A in the Data Appendix for complete definitions and sources of variables. Regressions in columns 1-3 use the least-squares method and 2-stage generalized method of moments in columns 4-6. Robust standard errors are in parentheses. ** indicates significance at the 1% level, * at the 5% level, and at the 10% level. 
(3) Note: This table offers the results from equations (16) and (17) when I jointly estimate the system of equations (16) − (19). Columns 4-6 include time trend, which is common to all sample countries, and columns 7-9 include country-specific trends. See Table A in the Data Appendix for complete definitions and sources of variables. The estimation method is the 3-stage least-squares in all regressions. ** indicates significance at the 1% level, * at the 5% level, and at the 10% level. Note: This figure illustrates the trends in the shares of employment in high, medium and low wage occupation groups. These employment shares are averaged over the sample countries. See Table A in the Data Appendix for the assignment of occupations into high, medium and low wage groups. 
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Note: This figure presents the differences in trends in the shares of employment in high, medium and low wage occupations in country-industry pairs with high and low fall in IT prices and high and low dependence on IT. The curves with square tick symbols are the difference between the shares of employment in industries with high IT Dependence and industries with low IT Dependence in country-year pairs where the fall in IT Price is relatively high (HFITP&HITD -HFITP&LITD). The curves with triangle tick symbols are the difference between the shares of employment in industries with high IT Dependence and industries with low IT Dependence in country-industry paors where the fall in IT Price is relatively low (LFITP&HITD -LFITP&LITD). The shares of employment are demeaned using an OLS regression of shares of employment on countryindustry and country-year dummies. In each of the four groups, these shares are averaged over countries and industries. An industry has high dependence on IT if its IT Dependence is above the median IT Dependence across industries and low dependence on IT otherwise. For a given year, the fall in IT Price in a country-year pair is relatively high (low) if the fall in IT Price (relative to its previous level) in that pair is lower (higher) than the median change in IT Price across countries in that year. It is sufficient to compare to the change because IT Price has declined everywhere. See Table A in the Data Appendix for complete descriptions and sources of variables and for the assignment of occupations into high, medium and low wage groups.
